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494a Tuesday, February 5, 2013observations. Preliminary simulations of the so-called direct, and embedded
mechanisms, with different topological variants, suggest that the latter model
has better relation with experimental data and combinations of these hypo-
thetical mechanisms could more likely account for the experimental observa-
tions. We will also aim to provide a programmatic foundation to probe
biochemical model topology, physicochemical parameter-space exploration,
and model likelihood with the goal of developing novel testable hypotheses
about the interactions among these proteins and their role in apoptosis cancer
biology.
2522-Pos Board B541
A Compartmentalized Model of the Beta1-Adrenergic Signaling System in
Mouse Ventricular Myocytes
Vladimir E. Bondarenko, Brent Wooldridge.
Georgia State University, Atlanta, GA, USA.
The b1-adrenergic signaling system plays an important role in heart function.
Activation of this system increases heart rhythm, heart contraction. It also
increases blood flow throughout the body. However, in disease, stimulation
of b1-adrenergic receptors can increase an occurrence of arrhythmias. There-
fore, comprehensive experimental study and modeling of the b1-adrenergic
signaling system in the heart is of significant importance. We developed an
experimentally-based mathematical model of b1-adrenergic regulation of the
action potential and Ca2þ dynamics in mouse ventricular myocytes. The model
includes several modules that describe biochemical reactions, electrical activ-
ity, and protein phosphorylation during activation of b1-adrenergic receptors.
The model cell consists of three major compartments: caveolae, extracaveolae,
and cytosol. Concentrations of b1-adrenergic receptors, as well as other signal-
ing molecules, vary across the different domains. In the model, b1-adrenergic
receptors are stimulated by the catecholamine isoproterenol. This leads to the
activation of the Gs-protein signaling pathway, which ultimately increases
cyclic AMP concentration and activity of protein kinase A to different degrees
in different domains. The catalytic subunit of protein kinase A phosphorylates
ion channels and Ca2þ handling proteins, leading to an increase or decrease in
their function. Dephosphorylation is performed by the protein phosphatases 1
and 2A. Our model reproduces time-dependent behavior of a number of bio-
chemical reactions and voltage-clamp data on ionic currents in mouse ventric-
ular myocytes. The model also predicts action potential prolongation as well as
an increase in intracellular Ca2þ transients dependent upon stimulation of
b1-adrenergic receptors. The accuracy of the model was tested against experi-
mental findings.
2523-Pos Board B542
A Systems Biology Workflow to Identify Interactions that Exist in Loosely
Coupled Biological Systems
Philip C. Church, Andrzej Goscinski, Christophe Lefe`vre.
Deakin University, Geelong, Australia.
The system biology approach has been applied to gene expression data to iden-
tify molecular mechanisms of isolated biological systems. Adapting this meth-
odology to incorporate connections between different biological systems and
extensive repositories of data can help find novel gene interactions. The devised
distributed workflow uses normalized microarray gene expression data from
which gene lists are extracted. Gene set enrichment is then applied to isolate
data points which share genetic similarity. If an enriched gene set meets the
enrichment score and p-value criteria, distributed corre-
lation algorithms are applied to build network maps
which are layered based on the time these two systems
first interacted. Gene interactions are extracted using
the network maps and given a score based on how often
two or more genes show similar interactions. using this
workflow, we have investigated the link between genes
expressed during lactation and digestion of dairy prod-
ucts. Results found that genes expressed during the
pregnancy period of the mouse (d3-d14) were also ex-
pressed after digestion of dairy products. Further inves-
tigation showed that while a majority of these genes had
mitochondrial ribosomal protein related function, some
anti-proliferative genes were present.2524-Pos Board B543
Solution Surfaces of Genetic Networks and Applications
Gemunu H. Gunaratne.
University of Houston, Houston, TX, USA.
Living systems maintain their physiological state under environmental changes
and isolated genetic mutations through feedback within highly connected net-works of genes, proteins, and other bio-molecules. Unfortunately, this robust-
ness also makes it difficult to correct defects such as hereditary diseases, as
evidenced by the surprising lack of efficacy of single target drugs that were de-
signed to act on specific molecular targets. Side-affects from medications are
another consequence of the connectivity in underlying networks. If accurate
models of gene networks were available, they could be used to compute how
effective therapies for diseases can be designed. Unfortunately, it is very diffi-
cult to construct sufficiently accurate models.
We propose to use ‘‘solution surfaces’’ of the gene network associated with
a biological process. In principle, they can be obtained by sequencing many
biologically perturbed mutants. However, studies of model networks and non-
linear electronic circuits show that the solutions surfaces are smooth; hence,
good approximations can be obtained from expression data of a handful of
mutants. Furthermore, as we show through several examples, biologically
relevant issues can be addressed in this approach. Specifically, we can compute
how the state of a gene network can be moved to a pre-specified state.
As an example, we have used the methodology to compute how the brain
transcriptome of Drosophila can be altered in order to move the animal to
a sleep-deprived like state. Experiments are being conducted to verify our
predictions.
Interestingly, this biologically motivated approach to study networks may have
applications in other disciplines; some examples will be discussed.
2525-Pos Board B544
A Dynamic Model Utilizing Linear Operators for the Characterization of
Stochastic Gene Expression
Junjie Luo.
Johns Hopkins Medical Institution, Baltimore, MD, USA.
Gene expression events happen stochastically because of the low number of
DNA, mRNA and protein in single cells. A theoretical model for central dogma
is needed to explain the variation of molecular number among cell population.
Most of the analytical models in literature assume that this stochastic gene ex-
pression occurs in a stable system. However, especially in single cell organ-
isms, gene expressions are often accompanied with rapid cell growth,
division and environmental fluctuations, which are more dynamic compared
to biomacromolecules synthesis and degradation. Based on this, we develop
a linear operator model that takes into account other types of stochastic events
besides gene expression. This model provides a theoretical explanation for how
cells maintain molecular concentration homeostasis during volume expansion
and molecule redistribution into daughter cells in the process of cell division.
Additionally, using this approach, we are able to distinguish protein concentra-
tion reductions caused by degradation, dilution and cell division, as well as
compare the effects from various types of extrinsic noise including difference
between individual cells and fluctuations in intracellular substrate level and ex-
tracellular environment. This dynamic model is confirmed by numerical simu-
lation and experimental observations.
2526-Pos Board B545
Recent Progress in Visualizing Constraint-Based Flux-Balance Models in
Cytoscape
John A. Cole.
UIUC, Urbana, IL, USA.
The last several years have seen an explosion in the quality and quantity of
genome-scale data. From metabolism to transcription and translation, the
‘‘-omics’’ revolution has given systems biologists the ability to develop in-
creasingly comprehensive models of biochemical reaction networks. But as
the size and scope of systems-level models has increased, it has become
more difficult to understand and communicate their behavior in an intuitive
manner. We believe that a robust set of tools designed to aid in the visualization
of systems-level models can offer a way forward in this regard. We will report
on recent advances in the development of several plugins for the popular Cyto-
scape network visualization software platform. These plugins are designed to
represent large constraint-based models in an immediately understandable
way. Several plugins are under development, including functionalities for im-
porting and updating hand-curated maps from the BiGG database, and mapping
flux distributions throughout reaction networks, but the centerpiece will be
a unique algorithmic approach to network lay-out that will create highly-
readable maps with little or no hand-curation necessary.
2527-Pos Board B546
Correlations between Homeostasis and Genetic Robustness in Enzymatic
Networks
Zeina Shreif, Vipul Periwal.
National Institutes of Health, Bethesda, MD, USA.
The evolutionary fitness of an organism, a unitary concept, is defined as the
likelihood that the lineage of that organism survives. A priori, this fitness
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meostasis) and that the transmitted genotype is robust to internal/genetic
changes (genetic robustness) so as to preserve the success of the progenitor phe-
notype. Biologically and mathematically, a priori, these two concepts are unre-
lated: Homeostasis is a dynamic property and is a direct product of natural
selection. Genetic robustness is a static property that is unnecessary for homeo-
stasis. It is, however, essential for evolution to occur and seems to coexist with
homeostasis in many biological processes. Despite its central role in the evolu-
tionary process, the rationale for selection for genetic robustness is still contro-
versial. It has been suggested that genetic robustness is a by-product of
homeostasis but the origins of this putative relationship have never been inves-
tigated in a general theoretical context.
Here, we find a strong statistical correlation between adaptive homeostasis
and genetic robustness in N-node enzymatic networks, providing a foundation
for the unitary character of evolutionary fitness. We investigate the scaling
properties of these networks and extract topological motifs that are necessary
and/or sufficient to achieve adaptive homeostasis and/or genetic robustness.
Furthermore, we map out the robustness/homeostasis space of these topolo-
gies. This correlation and the identification of design principles renders the
deciphering and reconstruction of complex biological networks more feasible
as we narrow down the search space for possible design principles in
biology.
2528-Pos Board B547
Indirect Competitive Reaction between Enzymes with Different Diffusivity
Kenta Yashima1, Jun Nakabayashi2, Akira Sasaki3.
1Meiji University, Kawasaki Kanagawa, Japan, 2Yokohama City University,
Yokohama Kanagawa, Japan, 3The Graduate University for Advanced
Studies, Hayama Kanagawa, Japan.
Diffusion process of molecules within heterogeneous medium shows a peculiar
behavior termed anomalous diffusion. Here the motions of molecules are hin-
dered by the obstacles, which constitute the heterogeneity of the environment.
Accordingly, compared to homogeneous medium, the area that a molecule
moves for a given time is smaller for heterogeneous medium. This affects
the reaction process deeply (especially for diffusion limited reactions) and
the classical formulation based on mass action law fails to describe the process
and a formulation based on the Fractal reaction theory is necessary [Kopelman,
Science 1988].
In this study we analyzed the indirect competitive reaction between enzymes
with different sizes. We assume that for larger enzymes obstruction due to mo-
lecular crowding makes the environment heterogeneous to it. On the other hand
for smaller enzymes the environment is assume to be homogeneous due to
smaller obstruction effects from the molecular crowding. Accordingly there
is a difference in the diffusivity, one with normal diffusivity and the other
with anomalous diffusivity. We would like to discuss the physiological impli-
cations of this effect using Lattice Monte Carlo simulation and theoretical anal-
ysis based on the Fractal reaction theory.
2529-Pos Board B548
Rationalizing the Catalytic Activity of an Unusual Oxidoreductase (FucO)
Fernanda Duarte, Shina Caroline, Lynn Kamerlin.
Uppsala University, UPPSALA, Sweden.
Enzyme-catalyzed processes often exhibit exquisite stereo- and regiospecific-
ities. Following from this, there is great interest in using enzymes to catalyze
stereospecific reactions outside the cell, for example, for the design of novel
therapeutics as well as the selective synthesis of fine chemicals, where product
purity is essential.
A biocatalytically important class of enantioselective enzymes are oxidoreduc-
tases, which catalyze the interconversion of alcohols, aldehydes and ketones,
thus providing important building blocks for organic synthesis. Among them,
the NADþ dependent diol oxidoreductase (FucO), from Escherichia coli
have shown strict regiospecificity for the oxidation of primary alcohols, high
sterospecificity for the S-enantiomer of 1,2-propanediol, and also a strong pref-
erence for short-chained substrates of about 2 to 4 carbons in length. In addition
to this, the enzyme has an unusual pH profile, displaying its highest activity at
high pH values of around 10. At present, the molecular details of the mecha-
nism for the reaction catalyzed by FucO remain unclear.
We present here a detailed study of the catalytic activity of FucO, including
identification of catalytically important residues. The radical pH dependence
of catalysis found for this enzyme is also analyzed, using 1-propanol as model
substrate, for which extensive experimental data is available. This study pro-
vides the basis for further rationalization and redesign of the regio- and enan-
tiospecificity of this enzyme, as well as the pH dependence.2530-Pos Board B549
Diffusion of Public Goods Prevents Coexistence of Cooperators and
Cheaters in a Stochastic Competition Model
David Bruce Borenstein1, Yigal Meir2, Joshua W. Shaevitz1,
Ned S. Wingreen1.
1Princeton University, Princeton, NJ, USA, 2Ben-Gurion University,
Beer-Sheva, Israel.
Many organisms secrete diffusible extracellular factors to engineer their local
environment. Diffusion of these factors leads to long-range intercellular inter-
actions with local competition, creating the possibility of cooperation but also
the risk of exploitation by non-producing neighbors. Despite the risk of exploi-
tation, diffusible resources are widespread in nature, occurring even in dense
multi-species communities. In local interaction models, coexistence is com-
monly observed between cooperators (corresponding to resource producers)
and cheaters (corresponding to nonproducers). However, we find that including
the diffusion of resources completely prevents coexistence in an analogous spa-
tial model. Instead, we find population dynamics similar to simple competition,
either neutral or biased, with no balancing selection that would favor
coexistence. We conclude that in crowded environments diffusible resources
generally favor nonproducers, and suggest that regular eras of population ex-
pansion are required for producers to thrive.
2531-Pos Board B550
Heterogenity in Protein Copy Numbers induces Metabolic Variability in
Modeled E. coli Populations
Piyush Labhsetwar, John Cole, Elijah Roberts, Nathan Price,
Zaida Luthey-Schulten.
UIUC, Champaign, IL, USA.
Heterogeneity in isogenic population of bacteria arises due to inherent stochas-
ticity in the process of gene expression as well as local environmental fluctua-
tions. Advances in quantitative fluorescence imaging of Escherichia coli has
enumerated such heterogeneity in terms of protein copy numbers at genome
scale.
In this study we use genome scale model of metabolism for Ecoli to investigate
the effect of this variability on their growth rates and metabolic pathway usage.
Results suggest wide variation in growth rate of single cells around the bulk
measurement obtained via optical density measurements. This prediction is
in agreement with the variation in growth rates measured experimentally at sin-
gle cell level. We also predict variability in metabolic pathway usage among
these cells owing to tradeoffs between energy efficiency and enzyme usage ef-
ficiency. All the variability in metabolism can be attributed to variability in ex-
pression of few genes. This integration of a metabolic model, which is a bottom
up reconstruction from the genome, with single cell proteomics data gives us
new insight into the effect of noise on the physiology of cell populations.
2532-Pos Board B551
Faithful Models of Viral Fitness can be Inferred fromMutation Patterns in
Viral DNA Sequences Sampled from a Population
Karthik Shekhar1,2, Mehran Kardar1, Arup K. Chakraborty1,2.
1Massachusetts Institute of Technology, Cambridge, MA, USA,
2Ragon Institute of MGH, MIT and Harvard, Boston, MA, USA.
A detailed understanding of fitness landscapes of viruses can be exploited to
computationally screen candidate vaccines and therapeutic drugs. Inverse Ising
models inferred using techniques rooted in entropy maximization have recently
been proposed as accurate fitness landscapes for certain proteins of HIV. Such
landscapes are parameterized based on statistical quantities measured from
population sequence ensembles, like the average probabilities of mutation at
single amino acid sites, pairs of sites etc. Since individual sequences in the en-
semble have evolved under diverse immune responses, patterns of mutation in
such data can reflect systematic biases arising from immune escape rather than
intrinsic fitness requirements. Therefore, delineating the role of immune pres-
sure in shaping mutational patterns in the population and understanding how
intrinsic fitness can be faithfully inferred from sequence data is important.
We performed simulations of a discrete molecular quasispecies model that
reveals the essential role of immune pressure in driving viral evolution on its
intrinsic fitness landscape. Our simulations show that in the absence of immune
pressure the virus remains frozen in its ground state and mutations that reflect
the correlation structure of its fitness landscape are not selected at the popula-
tion level. In the presence of immune pressure, there is an intermediate muta-
tion rate per site per generation that favors viral adaptation and selects
mutations. We studied an analytical mapping our quasispecies model to an
equilibrium 2-D Ising system. Analyzing the resulting Hamiltonian using var-
iational mean field theory enabled us to derive analytical expressions for the
